Abstract: The remarkable rise in investments for HIV control programs in 2003-2010 enabled an unprecedented expansion of access to HIV services in low-income and middle-income countries. By the end of 2010, more than 5.2 million people were receiving antiretroviral therapy (ART), which transformed HIV infection, once a death sentence, into a long-term illness. The rapid expansion in the number of persons receiving ART means that health systems must continue to provide acute life-saving care for those with advanced HIV/AIDS although also providing chronic care services to expanding cohorts of more stable patients who are doing well on ART. This expansion also means a transition from an emergency response to the epidemic, characterized by a public health approach, to a more integrated and durable approach to HIV prevention, care, and treatment services that fosters individualized care for those requiring long-term antiretroviral treatment. Yet most low-income and middle-income countries, which have weak health systems, are poorly prepared to make this transition. In this article, we highlight the challenges health systems face in developing a sustained and durable response to HIV/AIDS. The article analyses the readiness of health systems to combine rapid expansion of ART access with long-term treatment and continuity of care for a growing cohort of patients. We argue that effective management of a transition from an emergency AIDS response to long-term programatic strategies will require a paradigm shift that enables leveraging investments in HIV to build sustainable health systems for managing large cohorts of patients receiving ART although meeting the immediate needs of those who remain without access to HIV treatment and care.
INTRODUCTION
Large-scale investments in HIV programs between 2003 and 2010 led to an unprecedented expansion in access to HIV services in low-income and middle-income countries (LMIC). By the end of 2010, more than 5.2 million people were receiving antiretroviral therapy (ART), a 13-fold increase from the 400,000 receiving ART in 2003. 1, 2 Sub-Saharan Africa benefited most from the scale-up, with the number of people receiving ART rising from 100,000 in 2003 to 4 million in 2010. 2 Fragile LMIC health systems struggled to cope with the speed and scale of the rapid expansion of treatment, due mostly to poor human resource capacity, weak supply chain management systems, limited capacity for monitoring and evaluation functions, and inappropriate service delivery designs. [3] [4] [5] The fragility of health systems meant rapid expansion of treatment access could be achieved only with a ''publichealth approach,'' using a limited set of standard treatment regimens. 6, 7 This strategy worked successfully, increasing ART access in LMIC. Between 2004 and 2009, mortality rates from HIV declined by 19%. 8 ART transformed HIV infection, once a death sentence, into a long-term illness. 9, 10 The HIV response proved that complex interventions could be delivered at district and community levels using simplified, standardized and nonmedicalized models of care. 11, 12 Yet by the end of 2009, despite this extraordinary achievement, only 36% of the 15 million people estimated to be in need of ART, based on 2010 World Health Organization (WHO) eligibility criteria, were receiving treatment.
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EMERGENCE OF A REMARKABLE TRANSITION
The rapid expansion in the number of persons receiving ART highlights a pair of key challenges. At the clinical level, health workers and health systems must continue to provide acute life-saving care for those with advanced HIV/AIDS while also providing chronic services to burgeoning cohorts of more stable patients who are doing well on ART.
10,11 At the policy and planning level, countries must consider how and whether to transition from an emergency response to the epidemic, characterized by ''HIV exceptionalism''-disease-specific programing and a heavy reliance on external technical assistance-to a more integrated and durable approach to HIV prevention, care, and treatment services. Most low-income countries, with weak health systems, are inadequately prepared to make the transition.
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LONG-TERM LARGE-SCALE ART PROGRAMS: SIGNS OF SYSTEM STRESS
The rate of retention, or the proportion of patients remaining alive and on ART at various points in time after treatment initiation, is increasingly used as the litmus test to assess the long-term success of large-scale ART programs. 2, 17 According to reports submitted to the WHO by 38 national LMIC AIDS programs in 2008, the proportion of adult and pediatric patients remaining on treatment averaged 80% at 12 months after treatment initiation, 75% after 24 months, 74% after 36 months, and 73% after 48 months. These figures vary by region, with the best 48-month retention rates achieved in Latin America and the Caribbean (74%) followed by North Africa and the Middle East (78%). Lower retention rates are achieved in Europe and Central Asia (67%), subSaharan Africa (67%), and East, South, and Southeast Asia (55%). 2 These rates are comparable to program data from resource-rich settings, emphasizing the universal challenge of retaining patients in care.
A meta-analysis using data from 22,500 patients initiated on ART in sub-Saharan Africa showed an average of 70% retention 36 months after initiating patients on treatment, 17 although an earlier systematic review found 60% retention at 24 months. 18 In Malawi, retention of patients initiating ART still recorded as ''in treatment'' dropped from 70% at 24 months to 55% after 48 months. 8 A retrospective study conducted in a resource-constrained setting in Kenya found that scaling up the ART program by 300% between 2005 and 2007 may have overburdened the system, resulting in low adherence and retention rates. 16 Ensuring that expanding programs have the resources to adequately support adherence and retention, although still scaling up to reach those not yet on ART, presents specific health systems challenges. As countries move from an emergency AIDS response to long-term programatic strategies, a paradigm shift will be needed to leverage investments in HIV to build sustainable health systems to effectively manage the large cohort of patients receiving ART without losing sight of the immediate needs of those who remain without access to HIV treatment and care. 19, 20 In this article, we highlight the challenges health systems face in developing a sustained and durable response to HIV/AIDS. The article analyses the readiness of health systems to combine rapid expansion of ART access with long-term treatment and continuity of care for a growing cohort of patients.
UNDERSTANDING THE TRANSITION FROM AN EMERGENCY APPROACH TO A COMBINED HIV RESPONSE
Appropriate access to ART has increased the average life expectancy of an HIV-infected person from 10.5 years in 1996 to 22.5 years in 2005. 9 Similar gains are possible in resource-limited settings. Analysis of data from Côte d'Ivoire, Malawi, South Africa, and Zimbabwe showed that in the second year of ART, patients who started with high CD4 counts and less advanced disease had mortality rates comparable with those estimated for non-HIV-infected general populations. 21 Substantial declines in population-level AIDS mortality have been observed in the most affected age groups after ART scale-up in a number of high-prevalence settings: up to 57% decline in a rural district in Malawi, 22 a 50% reduction in Addis Ababa, 23 and an average of 25% drop in KwaZulu-Natal, South Africa. 24 Because of limited longitudinal data-the majority of people in LMIC receiving antiretroviral drugs (ARV) typically have 5 years of history on treatment or less-estimating ART's impact on life expectancy is difficult. Yet the long-term needs of patients in LMIC receiving ART are already evident and demand greater attention than have been received to date.
TRANSITION FROM LOW TO HIGH NUMBERS RECEIVING ART
The number of people living with HIV in the world increased by around 20% between 2001 and 2009, with almost 2.6 million new infections in 2009 and 5 patients newly infected for every 2 starting ART. 8 More than 5 million people are currently receiving ART, and scale-up is likely to continue at the rate of 1 million per year. The adoption of new WHO guidelines will lead to a higher proportion of the population already living with HIV qualifying for treatment over the next decade, mostly in countries where health systems remain frail. 16, [25] [26] [27] Between 2003 and 2010, the emergency response, with low numbers of patients receiving ART, has been transformed; large numbers now require long-term care ( Fig. 1 ).
High levels of HIV incidence and prevalence in sub-Saharan Africa will place continued demand on health systems for the next few decades unless there is a step change in prevention of new HIV infections-even in South Africa, which has successfully reduced HIV incidence. 28 In Zimbabwe, if all who need treatment gain access by 2010, the numbers in need of treatment would still be 6 times greater by 2030. 29 Health systems are struggling to sustain the performance of large-scale HIV treatment programs with increasing needs of patients on ART. [14] [15] [16] A large prospective cohort study of more than 3000 patients in South Africa found that the cumulative probability of losing clients to follow-up was 29.1% after 6 years and that this proportion increased with each successive year of enrollment. An increasing case load led to increasing waiting times, shorter consultations, reduced opportunities for counseling and adherence support, stretched human resources, and limited capacity to follow-up patients missing appointments. 15 
TRANSITION FROM LOW TO INCREASING COMPLEXITY OF CARE
The challenge of providing quality long-term care for patients receiving ART will further increase over time as complexities emerge, including complications of long-term ART; clinical progression of HIV, including cardiovascular, hepatic, and renal diseases and malignancies; ongoing risk of coinfections, including tuberculosis and hepatitis; the effects of aging, as individuals on ART survive for decades. 10, [30] [31] [32] [33] 34 The growing burden of HIV among adults older than 50 35, 36 will rapidly impact sub-Saharan Africa, where an estimated 3 million people over 50 were living with HIV in 2007, accounting for approximately 14% of all infections in the region. 36 In addition, as patients remain on ART for longer periods of time, they are more likely to experience viral resistance to existing combinations of first-line ART regimens, requiring access to more expensive second-line and third-line ARV and increasingly complex laboratory monitoring. 7, 37, 38 In many settings, comprehensive HIV care has evolved to include services for endemic infectious diseases such as tuberculosis and malaria; over time, services may expand to include comanagement of other conditions prevalent in the general population, such as chronic noncommunicable diseases and cancers. 34, [38] [39] [40] The confluence of long-term HIV infection, comorbidities, opportunistic infections, and longevity means a rapidly growing number of HIV-infected individuals receiving ART will increasingly need individualized care, with high complexity-in sharp contrast to the public health approach, with its limited set of treatment regimens (Fig. 2) .
This transition has implications for health systems. Now, the emergency public health response to increase access to HIV care and treatment services must be combined with a durable response that provides both acute care services and personalized potentially complex long-term clinical care. This will require additional human resources, more complex clinical and laboratory monitoring, expanded formularies and procurement systems, and enhanced health information systems.
7,38
HEALTH SYSTEM BOTTLENECKS PERSIST
The rapid scale-up of HIV interventions exposed the frailty of health systems to effectively mount an HIV response and cope with management of HIV as a long-term illness. 3, 5, 11, 12, 20, 26 Most LMIC health facilities still lack key elements needed to provide continuity care, 11, 12 despite investments to strengthen health systems. Scale-up of HIV programs in health systems is a dynamic process influenced by the readiness of individuals targeted by new interventions to adopt new interventions, interactions between program components, and interaction between the program and health systems. This complexity leads to diverse causal pathways in the solutions that emerge. 42 However, there is limited evidence on what works in varied contexts to deliver quality long-term HIV treatment and care 43, 44 although effectively maintaining the trajectory of scale-up. 45 
MANAGING THE TRANSITION: COMBINING EMERGENCY AND DURABLE RESPONSE
Although there is agreement that stronger health systems are needed to achieve improved outcomes in HIV programs, there is much less consensus on how to strengthen health systems. 46 A number of health system strengthening actions have been used to mount an effective response to the HIV epidemic, including strengthening supply chain management systems to prevent stockouts of ARVand other key medicines; addressing health workforce shortages and the need for new competencies to manage evolving complexities in HIV treatment; enhancing weak and fragmented health information systems; meeting financing needs and preventing high out-of-pocket expenditures that undermine patient retention in care; and reducing significant inefficiencies in service delivery and adverse effects from rapid introduction of suboptimal system designs. 3, 42, 47, 48 However, there is limited evidence on what works in varied contexts to deliver quality long-term HIV treatment and care 44, 45 while effectively maintaining the trajectory of scale-up. 46 Although rapid scale-up of the HIV response was achieved with targeted disease programs, provision of longterm care for patients receiving ART will require effective integration of HIV programs into mainstream health systems. 3, 49 However, evidence on effective integration approaches to develop optimal service designs remains weak, as do the evidence on the influence of varied levels of integration and the impact of different service designs on health outcomes. Hence, an effective transition to integrated care is likely to be hampered by major gaps in the existing knowledge base, where a number of key questions remain unaddressed-in particular: What are the optimal delivery models that enable effective scale-up of complex interventions (such as long-term ART and combination prevention programs)? Which system designs are optimal at different scales to effectively manage the transition that combines emergency and long-term responses? 48 A lifelong commitment, ART requires patients to adhere diligently to daily medication dosing schedules and make regular clinic visits for continuity care. Yet, in general, adherence has been shown to diminish with time. Operational research is needed to assess the long-term roles of current adherence interventions, such as outreach, directly observed therapy, and the use of expert patients and mobile communication technologies. Interventions that sustain adherence and improve patient retention in care and policy changes designed to reduce socioeconomic, time, and logistical barriers will ultimately contribute to better treatment outcomes. 50 Health systems can improve patient retention in ART with strategies designed to set up and maintain simple standardized monitoring systems at every ART facility; reliably ascertain true treatment outcomes; lower death rates; ensure uninterrupted ARV supplies; support the use of ART regimens that are simple, nontoxic, and free; decentralize ART clinics and reduce the frequency of visits required of stable patients; lessen indirect patient costs; strengthen ART links between health services and the community; encourage the use of ART services to deliver other critical interventions; promote operational research and development of innovative service delivery models. 51 Substantial inefficiency in existing AIDS programs is of particular concern for long-term sustainability. Although ARV are the single most costly component of an AIDS treatment program, the total of other costs of providing treatment substantially outweigh the cost of drugs. 8 Significant variation exists in the unit costs of delivering prevention services across facilities operating at the same scale within and across countries 52 and in the unit cost of treating AIDS patients with ARV. 53 As ART programs expand, additional research is needed on the key variables in large-scale treatment delivery models that in combination provide technical efficiency and quality and provide value for money over the long term.
The global economic crisis has provided a stark reminder of the fragility of the gains made and the need to focus on developing strategies for a sustainable response. The economic crisis means flattening of domestic and external financing for global health, including for HIV, against a growing demand for AIDS treatment. The negative effects on the HIV response are felt globally except for East Asia-least affected by the economic crisis. As the recent rate of growth in HIV funding is unlikely to be maintained in the near future the imperative for a paradigm shift to establish a durable HIV response is acute. 54 
CONCLUSIONS
The success of HIV scale-up during the last decade has led to the emergence of a remarkable transition. In addition to large numbers of very sick patients requiring prompt initiation of life-saving ART, health systems now also face a burgeoning pool of patients enrolled in life-long treatment and care that is likely to grow more complex over time. Two challenges now face national health systems: how to evolve the public health response to accommodate the increasing complexity of long-term care and treatment and how to integrate HIV services into mainstream health programs to ensure a durable response, although confronting persistent health systems bottlenecks and suboptimal and inefficient service delivery designs within a constrained economic environment.
Managing the transition toward sustainable long-term care will require both upstream and downstream adjustments: upstream adjustments to HIV and health system strategies; mapping out priorities, policies, and resource requirements to ensure effective management of the process; and downstream adjustments to delivery models, programs, and operational systems to ensure high-quality services as programs expand.
